p rocessing schemes have liberated reflection seismology from its primary purpose, structural mapping. It is now fairly routine to produce a number of seismic attributes, using either prestack or poststack data, or even both in combination. With these attributes, the geophysical interpreter can now make maps and look for geologically-meaningful tre n d s in the data...or correlate them with well observations and use them in geostatistical models...or perhaps try to use them directly to solve for the rock types and fluids in a deterministic manner. These processes can be performed care f u l l y, with checks and redundance, or sloppily, using only the interpreter's intuition and, perhaps, wishful thinking, as a guide.
This short paper introduces a new term "seismic petrophysics" to refer to the careful and purposeful use of rock physics data and theory in the interpretation of seismic observations. It also points out a number of pitfalls in their misuse, and provides suggestions for future efforts.
Reservoir geophysics -going beyond structure. F rom the 1940s through the present time, the main use of reflection seismic data in the oil industry has been to map struct u re surfaces. Once a time-depth relationship can be established, whether through logs, check shot surveys, or other means, the depth of reflecting surfaces can be determined, the closure determined, and the resources evaluated. These concepts are not new. Some date back more than half a century. See "The history and development of seismic p rospecting" by B. B. We a t h e r b y which appeared in the July 1940 issue of GEOPHYSICS. (It may be of i n t e rest to note that the famous paper on wavelets by Norman Ricker appeared in the following issue.) In 1942, B.G. Swan described, again in GE O P H Y S I C S, depth conversion from knowledge of "Velocities in the Texas Gulf Coast." Techniques to enhance the imaging capabilities of reflection methods have impro v e d steadily over the years, including the CDP stack and digital processing to remove unwanted effects. Modern methods, such as prestack depth migration, have virtually eliminated the need to produce a time section b e f o re depth conversion, and the confidence in structural positioning can be very high indeed.
Modern seismic methods provide us with extremely high-quality data -data in which there is far more information that just the time (or depth) of a reflection. We now can have sufficient confidence in the nature of the reflected wavelet that we can use it to provide insight into the nature of the reflector itself. Realization of the importance of bright spots on true-amplitude sections in the1970s was perhaps industry's first realization that we could look beyond structure in the data.
The quality of prestack data continually improved, and amplitude variation with offset has become a household term (at least in some unusual households). The term "seismic lithology" has been used to describe inversion of seismic data for impedance (as it is used in Sheriff's 3rd edition of the Encyclopedic Dictionary of Exploration Geophysics) or as the interpretive stage of processing and analyzing AVO data (as it is used in Hilterman's article in the June 1990, issue of T L E, where he asked the question "Is AVO the seismic signature of lithology?"). In the b roader sense, what we now think of as seismic lithology has been practiced since the mid-1970s.
Seismic alchemy. Seismic applications, as functions of time, are shown on the time lines displayed in Figure  1 . Here, you can see that seismic s t ructural mapping has been used continuously since the 1940s, and continues today. You can also see that, in this interpretation, seismic lithology started in the mid 1970s and continues today. On this chart, I have included a new term, 'seismic alchemy" and have assumed that this practice has coexisted with other seismic applications for all time. One dictionary includes in its definition for alchemy "the seemingly miraculous change of a thing into something better" good example is that of imaging beneath salt, where the transformation of seismic data into a useful image when proper prestack depth migration is applied is nothing short of "seemingly miraculous." But we also have seen examples of sloppy science or downright charlatanism, the equivalent to pulling a rabbit out of a hat -we would like to believe that somehow it can really work, but, perhaps, we are just being fooled, or we are fooling ourselves.
(We b s t e r's New Wo r l d D i c t i o n a r y, 2nd College Edition
A good example of (often inadvertent) seismic alchemy can be found in the simple prediction of reflection amplitudes from gas sands, using the well-known Wyllie timeaverage equation, shown in Figure 2 . In the original paper by Wyllie, Greg o r y, and Gardner ( GE O P H Y S I C S, 1958), the authors noted that the formula held only if the velocity of the saturating fluid exceeds that of water. In other words, the use of gas velocities in the equation is not valid. Ye t workers in the industry (including, alas, academia) continue to make the mistake of applying this equation to conditions of partial saturation. Let's see just how bad that mistake can be, by looking at Figure 3 . In this (artificial) example, the reflection coeff icient at an interface is found to be -.02. The interval consists of a shale over a brine sand, with the velocities as indicated. If we mistakenly apply the time-average equation, having calibrated the constants from the logging, but now substituting a low velocity for the fluid (gas), we would find a reflection coefficient of -.40, a t ruly remarkable bright spot. But we would be mistaken; and if we searc h for such a large reflection coeff i c i e n t in our data, we may never find it, even if gas is in fact present. The use of the more appropriate Gassmann theory (with assumptions for shear modulus or dry frame pro p e r t i e s ) will yield a reflection coefficient of -.13, and a much more modest bright spot eff e c t .
A m o re subtle form of seismic alchemy can be found in experiments run over existing, producing fields. Take, for example, an exploration p rogram in an existing play (see Figu re 4) . In order to "calibrate" the seismic observations to known lithologies and fluids, the ambitious geophysicist runs a new seismic line over an existing field, taking care to pass near wells in which logs have a l ready been obtained. The seismic data then show a distinctive charact e r, perhaps a particular AVO behavior that can be related to the existence of hydrocarbons, or re s e r v o i r-q u a l i t y sand. The conservative management of the geophysicist's company is convinced of the value of seismic, and a g rees to pay for a large 3-D survey over a neighboring area of intere s t -and they never see another similar AVO anomaly like the one over the producing field. Based on other information, the geologists are certain that another large field is in the survey area, but they cannot get a p p roval to drill an exploration well, because the seismic data shows that they are wrong. But are they? The seismic "calibration" line was ru n over a producing field. That field has p robably been produced under artificial lift (pump) for some time, and gas has been liberated from the oil, forming a partial-saturation gas cap. The AVO anomaly, so care f u l l y observed from seismic, is re s p o n ding to the gas, and there is no free gas p resent in an unproduced field in this p l a y. Perhaps some other seismic characteristic would have been useful, but the calibration over a depre ss u red, producing field has overwhelmed it.
Here, seismic alchemy has failed due to a misconception concerning the cause of the anomaly. In this case, the seismic characteristic observed would have been more useful for reservoir geophysics, within the producing field, than for exploration.
Finally, we will take a look at an e x t remely subtle form of seismic alchemy, based on spurious correlations. (This is closely related to an example using a stock-sales scam 
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The Development and Production Forums
The inspiration for the ideas presented in this paper came from presentations made by many participants of the 1996 D&P Forum, held last summer in Vail, Colorado, and chaired by Hai-Zui Meng. All of the other papers in this special issue of TLE (except the regular features) are themselves derived from presentations made at that meeting. If you are interested in attending the 1997 D&P Forum, 13-18 July, to be chaired by John Eastwood, see the application form and call for participation in this issue, find them on the SEG home page of the World Wide Web, or contact the SEG headquarters.
outlined in a box nearby, and is also related to the subject of additional papers in this special issue of TLE.) Imagine you have run a very good seismic survey, and you are able to extract a large number of seismic attributes from it, including the usual Hilbert transform ones, several attributes from AVO, and perhaps others that are favorite proprietary attributes in your own company. Yo u then search for correlations with reservoir properties as known from wells. You are careful to avoid going outside of your field, and you intend to use this correlation only to contro l stochastic modeling within the one re s e r v o i r, thereby avoiding the pitfall described above. If your suite of attributes is sufficiently large, and your set of wells sufficiently small, you can be virtually guaranteed of finding at least one attribute that correlates extremely well (as documented in the paper by Kalkomey in this issue of TLE), and you are likely to act on that correlation to drill wells in other parts of the field. This would be a mistake, unless you are convinced that there is a good ro c kphysics-based explanation for the correlation, or the correlation is so statistically robust that there can be little room for error. (The paper by Hirsche and others in this issue provides good arguments for the rockphysics basis.) Why? Because the correlation may be spurious, given many possible attributes and a s c a rcity of wells! This is seismic alchemy, as defined, because, in the absence of good rock physics support or overwhelming statistical p o w e r, the transformation fro m "attribute" to "indicator" is indeed "seemingly miraculous." Seismic petrophysics. At the risk of applying too many terms to the seismic lexicon (my apologies to our modern Webster of geophysics, Bob S h e r i ff), I must ask the re a d e r, "Which would you pre f e r, metaphysics or petrophysics?" Metaphysics, like alchemy, allows the seemingly miraculous; it permits one to develop, from initial assumptions, grand schemes of nature or reality. It is not scientific, in that it requires no checking or testing of hypotheses before an assumption is regarded as fact. Unfortunately, much of the application of seismic attributes falls into the category of metaphysics, in that relationships are assumed to be valid, rather than tested and either confirmed or rejected.
The solution to this problem is to incorporate the use of rock physics knowledge, locally calibrated and properly applied, to the interpretation of seismic data. To avoid confusion with existing usage of the terms rock physics, petrophysics, and the like, I would like to suggest that we refer to the purposeful application of rock physics theory, as calibrated by laboratory and well measurements, to the interpretation of seismic data, as "seismic petrophysics."
Several advances in recent years enable us to consider seismic petrophysics a scientific endeavor, rather than an art or alchemy. These include the truly astonishing impro v e m e n t s in seismic imaging, the development of new or improved wellbore meas u rements, and significant advances in rock-physics theory. We are still somewhat short of making the best use of seismic petrophysics, however, because the techniques re q u i red for application are not well-established, and the fundamentals are understood only by a handful of experts in some cases. In the following, I briefly outline those advances and the impro v ements I think are re q u i red for wides p read application.
Seismic imaging.
Readers of TLE a re well aware of the improvements in seismic imaging that have occurre d over the past several years. These include, but are not limited to, an increased number of re c o rd i n g channels, the widespread use of 3-D seismic acquisition and pro c e s s i n g , p rocessing that includes pre s t a c k depth migration, and the phenomenal improvements in computing power that enable the application of these techniques. As a byproduct of these improvements, the nature of the wavelet has been enhanced, and is much more robust, with surface e ffects removed or balanced. This, in turn, is what enables the use of seismic data, both poststack and pre s t a c k , for petrophysical interpre t a t i o n .
In-situ calibration. Even with i n c reased confidence in the nature of the seismic wavelet, we still need to locally calibrate the seismic re s p o n s e to observations made in nearby wells,
